observation. Other effectiveness endpoints included the change in HbA1c and change in fasting plasma glucose (FPG) from baseline to week 26 and over the course of the treatment period. Results: Overall, 2235 and 2054 patients were included in the safety and effectiveness analysis sets, respectively. Patients were mostly male (58.4%), and the mean age was 66.7 years. The incidence of ADRs was 10.7% (n = 240). The most frequent ADRs according to MedDRA preferred terms were diabetes mellitus (n = 35 patients, 1.6%), constipation (n = 21, 0.9%), diabetes mellitus inadequate control (n = 13, 0.6%) and hypertension (n = 13, 0.6%). The mean change in HbA1c from baseline to last observation was -0.67% [standard deviation (SD) 1.27%, 95% confidence interval -0.72, -0.61]. At week 26, HbA1c and FPG showed mean ± SD changes from baseline of -0.73 ± 1.20% and -21.02 ± 44.33 mg/dL, respectively, that were sustained until week 156. Conclusions: In Japanese patients with type 2 diabetes mellitus, linagliptin produced sustained reductions in HbA1c and had a safety profile consistent with the established safety profile of linagliptin. Trial Registration: ClinicalTrials.gov (NCT016 50259).
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Key Summary Points

Why carry Out This Study?
The study was performed to meet regulatory obligations. The Japanese Pharmaceutical Affairs Law requires manufacturers of pharmaceutical agents to conduct a post-marketing surveillance study in order to accumulate safety and efficacy data on the product in the context of routine clinical practice. This paper presents the final results of a 3-year post-marketing surveillance study of linagliptin based on data for up to 156 weeks.
What was Learned from the Study?
The safety profile of linagliptin shown in this study is consistent with the established safety profile of linagliptin.
Linagliptin provided sustained reductions from baseline in glycated hemoglobin (mean ± standard deviation [SD] change to last observation -0.67 ± 1.27%) and fasting plasma glucose (mean ± SD change to week 156 -20.41 ± 43.79 mg/ dL).
These findings confirm the safety and effectiveness of long-term linagliptin monotherapy in Japanese patients with type 2 diabetes mellitus in routine clinical practice.
INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) in Japan is increasing, and the number of elderly patients with T2DM is also expected to increase as a result of the aging Japanese population [1] .
The Japan Diabetes Society recommends glucose-lowering drugs for patients with T2DM who do not achieve glycemic control with medical nutrition therapy and/or increased physical activity [2] . Oral glucose-lowering drugs currently available for the treatment of T2DM include sulfonylureas, biguanides, alphaglucosidase inhibitors, thiazolidinediones, glinides, dipeptidyl peptidase-4 (DPP-4) inhibitors and sodium-glucose transport protein 2 inhibitors [2] . Guidelines recommend that the choice of glucose-lowering drug should be based on the patient's individual circumstances and the efficacy and tolerability of the drug [2] .
Linagliptin is a DPP-4 inhibitor that is used in the treatment of T2DM [3] . It acts by increasing the levels of the active incretin hormones glucagon-like peptide 1 and glucose-dependent insulinotropic polypeptide, both of which are normally inactivated by DPP-4, which in turn increases the synthesis and secretion of insulin in a glucose-dependent manner and reduces hepatic gluconeogenesis [4] . Linagliptin (TrazentaÒ; Boehringer Ingelheim, Ingelheim, Germany) was approved for the treatment of patients with T2DM in Japan in 2011.
In phase III clinical trials of linagliptin in Caucasian and Japanese patients with T2DM, the proportion of patients who achieved glycated hemoglobin (HbA1c) levels of \ 7.0% was significantly higher in patients who received linagliptin monotherapy than in those who received placebo [5] [6] [7] . Linagliptin was well tolerated by the patients participating in these studies, with few instances of hypoglycemia [5] [6] [7] [8] . The efficacy of linagliptin has also been confirmed in elderly patients with T2DM [9] .
Previous clinical trials of linagliptin, especially those conducted in Japanese patients, had several limitations, such as use of concomitant medications, short observation periods, low number of elderly patients and exclusion of patients with complications. The aim of the post-marketing surveillance study reported here was to investigate the long-term safety and effectiveness of linagliptin in Japanese patients with T2DM in routine clinical practice. An interim analysis that included effectiveness data up to 78 weeks has been published previously [10] . In this article, we present the final results of this post-marketing surveillance study based on data for up to 156 weeks, along with subgroup analysis by age on the safety and effectiveness of linagliptin and an analysis of the effectiveness of linagliptin according to body mass index (BMI).
METHODS
Study Design, Patients and Data Collection
This was a prospective, observational, postmarketing surveillance study conducted between July 2012 and October 2017 at 596 sites in Japan (ClinicalTrials.gov identifier: NCT01650259). The study was performed to meet regulatory obligations. The Japanese Pharmaceutical Affairs Law requires manufacturers of pharmaceutical agents to conduct a post-marketing surveillance study in order to accumulate safety and efficacy data on the product in the context of routine clinical practice. Linagliptin was first launched as initial monotherapy in Japan on 1 July 2011, and the indication was expanded to include add-on therapy to oral antidiabetic drugs and/or insulin on 25 March 2013.
Linagliptin-naïve patients with T2DM who were initiating treatment with linagliptin (5 mg once daily) monotherapy, according to the original (2011) Japanese package insert, were enrolled in the study between July 2012 and July 2014. Patients were followed up for 156 weeks or until linagliptin therapy was discontinued. The use of additional glucose-lowering drugs was permitted after enrollment because the survey reflected routine clinical use of linagliptin. All treatment decisions were made at the attending physician's discretion. This approach is fully compliant with Japanese Good Post-marketing Study Practice (GPSP) regulations. The protocol for this post-marketing surveillance was approved by the Ministry of Health, Labour and Welfare of the Japanese Government. This study involved the collection of anonymous data from clinical settings and, therefore, it was not necessary to obtain informed consent from patients.
This study collected data on the baseline characteristics of patients and on HbA1c, fasting plasma glucose (FPG), body weight, estimated glomerular filtration rate, vital signs, electrocardiograms, laboratory tests and adverse events (AEs) at, or close to, the following time points: 12, 26, 40, 52, 64, 78, 104, 130 and 156 weeks after the start of treatment, or at discontinuation. Since patient visits to their treating physician were according to their routine care, data were collected at the visit closest to these time points; consequently, listed time points during the observation period are approximate. The laboratory analyses were conducted using routine clinical assays at the institutions participating in the study.
Data were collected using the electronic case report forms (eCRF) and entered into the electronic data capture (EDC) system. Separate eCRFs were completed for each patient at 26, 78 and 156 weeks after the start of treatment, or at discontinuation, and each CRF was transmitted to the EDC system upon completion. AE data could be sent to the EDC system at any time.
Endpoints
The primary endpoint of this study was the incidence of adverse drug reactions (ADRs), defined as AEs for which the causal relationship with linagliptin was assessed as definite or probable, or for which the causal relationship with linagliptin could not be excluded by either the investigator or sponsor (or both). AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 20.1 (https:// www.meddra.org/how-to-use/support-docume ntation/english. The protocol specified that ''exacerbation of the underlying disease'' or ''worsening of complications'' should be collected as AEs in this survey. When physicians reported worsening control of diabetes in patients' eCRFs, the MedDRA preferred term (PT) category of ''Diabetes mellitus'' and lowest level term (LLT) of 'diabetes mellitus aggravated' were applied. When physicians reported 'worsening control of blood sugar' or similar on a patient's eCRF, the MedDRA LLT of 'loss of control of blood sugar' or 'diabetes mellitus inadequate control' within the PT category of ''Diabetes mellitus inadequate control'' was applied.
The secondary endpoint was the change in HbA1c from baseline to the last available observation. Other effectiveness endpoints included: change in HbA1c from baseline to week 26; change in HbA1c over the course of the treatment period; change in FPG from baseline to week 26; and change in FPG over the course of the treatment period.
Statistics
The planned sample size was 1500 patients. This sample size was chosen because it would allow for the detection of ADRs with an incidence of 0.20% with 95% probability. Enrollment was conducted using the continuous investigation system, wherein all patients who fulfilled the inclusion criteria were enrolled until the planned patient number for each facility (5-10) was reached.
Safety was evaluated in the safety analysis set, which included all patients who received linagliptin as monotherapy with the exception of those who had no data after enrollment or those with invalid registration. Effectiveness was evaluated in the effectiveness analysis set, which included all patients in the safety analysis set with the exception of those who had no effectiveness data and/or did not have T2DM.
As the analyses in this study were exploratory and descriptive, no statistical tests were performed except for the odds ratio (OR) and 95% confidence intervals (CI) for ADRs in patients aged C 65 versus \ 65 years. Baseline, safety and effectiveness data were summarized using descriptive statistics. For continuous variables, mean and standard deviation (SD) and median, minimum, maximum and 95% CI were calculated, while frequencies and proportions were calculated for categorical variables. Mixed model for repeated measures (MMRM) analyses were performed for change in HbA1c and FPG over the course of the observational period. Subgroup analyses were performed by baseline age (\ 65 and C 65 years) for the primary and secondary endpoints, and by baseline BMI (\ 25 and C 25 kg/m 2 ) for the secondary endpoints. The incidence of hypoglycemia was also analyzed according to baseline age (\ 65, C 65 to \ 75 and C 75 years). In addition, HbA1c over time was assessed in the subgroup of patients who received linagliptin as monotherapy with no additional glucose-lowering drugs overall and by baseline age (\ 65 and C 65 years) and by baseline BMI (\ 25 and C 25 kg/m 2 ). All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
RESULTS
Overall, 2235 patients were included in the safety analysis set and 2054 patients were included in the effectiveness analysis set ( Fig. 1 ).
For patients included in the safety analysis set, the mean ± SD duration of treatment with linagliptin was 115.1 ± 58.8 weeks. Over 50% of patients received linagliptin for C 144 weeks. Duration of exposure was between 144 and 156 weeks in 447 (20.0%) patients and 156 weeks in 884 (39.6%) patients. Table 1 ). The majority of patients (91.1%) had not previously received glucose-lowering drugs.
Safety
The incidence of ADRs was 10.7% (n = 240) in the safety analysis set ( Table 2 ). The most frequently reported ADRs using MedDRA PTs were diabetes mellitus (n = 35, 1.6%), constipation (n = 21, 0.9%), diabetes mellitus inadequate control (n = 13, 0.6%) and hypertension (n = 13, 0.6%; Table 2 ). Of the 48 patients with worsening diabetes (defined by the MedDRA PT ''diabetes mellitus'' or ''diabetes mellitus inadequate control''), 42 were receiving oral antidiabetic medications in addition to linagliptin. Linagliptin was discontinued in 18 of the 48 patients who experienced worsening diabetes; the remaining 30 patients with these events completed the study. The reasons for discontinuation among these 18 patients were AEs (n = 8), insufficient efficacy (n = 6), improvement (n = 1), other reason (n = 1) or lost to follow-up/unknown (n = 2).
The incidence of ADRs did not continuously increase during the observational period. The incidence of ADRs leading to discontinuation was 3.3% (n = 74).
Serious ADRs were reported in 35 patients (1.6%) in the safety analysis set. The most frequently reported serious ADR was cerebral infarction (n = 4, 0.2%; Table 2 ). The incidence rates of ADRs of special interest [hypoglycemia, pancreatitis, hypersensitivity (angioedema, urticaria, rash, bronchoconstriction), intestinal obstruction, hepatic dysfunction, skin lesions, pemphigoid, infections, worsening of renal function, pancreatic cancer, cardiac failure and interstitial lung disease] were low (Table 3) . No drug-related pancreatitis or pemphigoid was reported in this study.
The incidence of ADRs was higher in patients aged C 65 years (n = 160/1333 patients, 12.0%) than in those aged \ 65 years (n = 80/902, 8.9%; OR 1.4; 95% CI 1.06-1.86). In patients aged C 65 years, the most frequently reported ADRs were constipation (n = 18, 1.4%), worsening of diabetes mellitus (n = 16, 1.2%), hypertension (n = 10, 0.8%) and dizziness (n = 8, 0.6%). In patients aged C 75 years (n = 655), the most frequently reported ADRs were constipation (n = 10, 1.5%), worsening of diabetes mellitus (n = 6, 0.9%), decreased appetite (n = 5, 0.8%), hypertension (n = 5, 0.8%) and dizziness (n = 4, 0.6%).
In this latter age cohort, the incidence of constipation and dizziness was numerically C 4.0-fold higher (n = 10, 1.5% and n = 4, 0.6%, respectively) than in patients aged \ 65 years (n = 3, ADR Adverse drug reaction 0.3% and n = 1, 0.1%, respectively). Hypoglycemia was reported in three patients: one in the \ 65 year group (n = 1/902, 0.1%), one in the C 65 to \ 75 years group (n = 1/678, 0.2%) and one in the C 75 year group (n = 1/655, 0.2%).
Effectiveness
Glycated Hemoglobin
In patients included in the effectiveness analysis set, the mean ± SD HbA1c level was 7.43 ± 1.36% at baseline and 6.76 ± 0.97% at the last observation. The mean change in HbA1c from baseline to the last observation was -0.67% (SD 1.27%, 95% CI -0.72 to -0.61). A decrease in HbA1c was seen at week 12 (mean change from baseline -0.56%), and at week 26 HbA1c was 6.69 ± 0.89%, indicating a mean ± SD change from baseline of -0.73 ± 1.20%. This decrease in HbA1c from baseline was sustained until week 156 (mean change from baseline over the treatment period ranged from -0.56 to -0.77%; Table 4 ). Results of the MMRM analysis of HbA1c over time are presented in Fig. 2a . In patients aged \ 65 years, the mean ± SD HbA1c at baseline and at last observation was 7.85 ± 1.58 and 6.94 ± 1.12%, respectively, and the mean change from baseline to the last observation was -0.91% (SD 1.48, 95% CI -1.01 to -0.80). In patients aged C 65 years, the mean ± SD HbA1c at baseline and at last observation was 7.15 ± 1.10 and 6.64 ± 0.83%, respectively, and the mean change from baseline to the last observation was -0.51% (SD 1.08, 95% CI -0.57 to -0.45). Results of the MMRM analysis of HbA1c over time by age are presented in Electronic Supplementary Material (ESM) Fig. 1 . From week 26 until week 156 the decrease in HbA1c was sustained at between 6.79 and 6.88% in patients aged \ 65 years and at between 6.56 and 6.64% in patients aged C 65 years.
In patients with a BMI of \ 25 kg/m 2 , the mean ± SD HbA1c at baseline and at last observation was 7.33 ± 1.28 and 6.70 ± 0.88%, respectively, and the mean change from baseline to the last observation was -0.63% (SD 1.20, 95% CI -0.71 to -0.55). In patients with a BMI of C 25 kg/m 2 , the mean ± SD HbA1c at baseline and at last observation was 7.59 ± 1.49 and 6.82 ± 1.04%, respectively; the mean change from baseline to the last observation was -0.78% (SD 1.42, 95% CI -0.88 to -0.68). Results of the MMRM analysis of HbA1c over time by BMI are presented in ESM During the study period, most of patients received linagliptin as monotherapy with no additional glucose-lowering drugs (82.3%), while the proportions of the patients who received one and two or more additional glucose-lowering drugs were 12.4 and 5.3%, respectively (ESM Fig. 3a) . The median duration of linagliptin treatment in patients who received linagliptin monotherapy with no additional glucose-lowering drugs was 153.7 weeks, and the majority of patients received [ 144 weeks of treatment (ESM Fig. 3b ).
In patients who received linagliptin monotherapy with no additional glucose-lowering drugs, the mean ± SD HbA1c level was 7.28 ± 1.25% at baseline and 6.67 ± 0.93% at the last observation; the mean change in HbA1c from baseline to the last observation was -0.61% (SD 1.14%, 95% CI -0.66 to -0.55). Results of the MMRM analysis of HbA1c over time in all patients who received linagliptin monotherapy with no additional glucose-lowering drugs, of HbA1c over time by age and of HbA1c over time by BMI are presented in ESM Fig. 4 .
Fasting Plasma Glucose
Baseline FPG data were available for 805 patients, and the mean ± SD FPG level was 150.72 ± 50.36 mg/dL. At week 26, FPG was 131.36 ± 36.65 mg/dL, indicating in a change from baseline of -21.02 ± 44.33 mg/dL. At week 156, the FPG was 125.33 ± 30.81 mg/dL, Table 4 ).
Results of the MMRM analysis of FPG over time are presented in Fig. 2b . In patients aged \ 65 years, the mean ± SD FPG level at baseline and at last observation was 160.52 ± 54.59 and 133.27 ± 41.61 mg/dL, respectively; the mean change from baseline to the last observation was -28.11 mg/dL (SD 49.96, 95% CI -33.88 to -22.35). In patients aged C 65 years, the mean ± SD FPG level at baseline and at last observation was 143.63 ± 45.83 and 124.87 ± 29.29 mg/dL, respectively; the mean change from baseline to the last observation was -16.48 mg/dL (SD 44.11, 95% CI -20.76 to -12.21). Results of the MMRM analysis FPG over time by age are presented in ESM Fig. 5 .
DISCUSSION
To our knowledge, this is the first report to assess the long-term use of linagliptin in a realworld setting in Japanese patients. Results of this multicenter, prospective, observational post-marketing surveillance study demonstrated that linagliptin, administered as monotherapy for up to 3 years, was well tolerated and led to clinically meaningful reductions in HbA1c and FPG in Japanese patients with T2DM.
ADRs occurred in 10.7% of patients, with the most frequently reported ADR-excluding deterioration of the primary disease, i.e. diabetes-was constipation (0.9%); this finding is consistent with those of a previous phase III clinical study in Japanese patients [8] . In that phase III trial, the incidence of ADRs was 10.2% in Japanese patients who received linagliptin 5 mg once daily for up to 52 weeks, and the most frequent ADR was constipation (1.9%) [8] . The incidence of ADRs that were not related to the deterioration of diabetes was 8.9%. The large portion of ADRs reported were related to worsening of diabetes mellitus (diabetes mellitus, diabetes mellitus inadequate control, glycosylated hemoglobin increased and blood glucose increased). The ADRs related to worsening of diabetes mellitus may mean that treated patients could in general not obtain the expected effect with linagliptin and that therefore these ADRs could be considered in the analysis of effectiveness as well as safety.
In this study, the incidence of ADRs was higher in patients aged C 65 years than in those aged\ 65 years. In patients aged C 65 years, the incidence of constipation and dizziness was C 4-fold higher than in patients aged \ 65 years. The results of the safety subgroup analyses of this study are comparable with those of a pooled analysis of 22 placebo-controlled trials in which the incidence of ADRs increased with age [11] . In this latter pooled analysis, the incidence of ADRs was similar in patients who received linagliptin and those who received placebo across age subgroups [11] . It is important to note that the proportion of elderly patients (aged C 75 years) in the present study was 29%, which is higher than that in previous clinical trials (5.6 and 1.9%) [11, 12] .
Hypoglycemia is listed as a clinically significant adverse reaction in the precautions section of the linagliptin Japanese product package insert, and physicians are urged to exercise caution with this AE [13] . The incidence of hypoglycemia in this study was low, as it was only reported in three patients. Results from the analysis of three age subgroups of patients (\ 65 years, C 65 to \ 75 years and C 75 years) showed no marked differences in the incidence of hypoglycemia.
The results of the present study confirm the effectiveness of linagliptin in reducing HbA1c and FPG levels in Japanese patients with T2DM in a real-world setting. The findings of this study are also in line with those of a pooled analysis of data on Asian patients from 11 shortterm randomized controlled studies (observational period was 24-52 weeks) [12] . In these studies, linagliptin was effective in patients regardless of age. The control of HbA1c with linagliptin in elderly patients with T2DM in the present study is consistent with that observed in a previous clinical trial [9] . In addition, the decrease in HbA1c observed in this study was seen regardless of baseline BMI.
Subgroup analyses conducted in the patients who received linagliptin as monotherapy with no additional glucose-lowering drugs showed a sustained decrease in HbA1c regardless of age or BMI at baseline.
This study had several limitations. Firstly, concomitant antidiabetic medications could be added and changes in diet and exercise therapy were permitted after the initiation of linagliptin therapy. Secondly, this study was not designed as a comparative study with regard to either effectiveness or safety. Thirdly, the results, including effectiveness, were summarized using descriptive statistics, and no statistical tests were conducted. Despite these limitations, this study demonstrates the safety and effectiveness of linagliptin administered as monotherapy in Japanese patients with T2DM in a real-world setting and provides clinically important information on the tolerability and clinical effectiveness of long-term use of linagliptin.
CONCLUSIONS
In conclusion, this report provides data on the safety and effectiveness of long-term use of linagliptin initiated as monotherapy for the treatment of T2DM in a real-world setting. The safety profile of linagliptin shown in this study is consistent with the established safety profile of linagliptin. Sustained decreases of HbA1c and FPG with linagliptin in Japanese patients with T2DM were demonstrated, regardless of age or BMI at baseline in a real-world setting.
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